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METHOD FOR PRETREATING AND
IMPROVING COKING COAL QUALITY FOR
BLAST FURNACE COKE

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to method for quality pretreating and
improving coking coal (coal for making coke) quality, by
heating, 1n the manufacture of coke for blast furnace use.

2. Description of Related Art

In order to maintain good permeability 1n the blast furnace,
coke for blast furnace operation 1s required to have a prede-
termined strength. Therefore, high-quality coals (such as
strongly-coking coals) have conventionally been used as the
coal charge.

As high-quality coal resources are being depleted, 1t 1s
necessary to use large quantities of low-quality coals (non- or
slightly-coking) as a main source of coals for metallurgical
coke-making and supply of blast furnace coke.

As coke strength depends greatly on the caking properties
of coal and low-quality coals, and they are unsuited to use as
metallurgical coals, many pretreatment methods to enhance
the caking properties of low-quality coal have been proposed.

As rapid-heating 1s in particular efifective for improving the
properties (caking properties) of non- or slightly-coking
coals, several coke manufacturing methods incorporating

such rapid-heating have been proposed (such as Japanese

Unexamined Patent Publication (Kokai) Nos. 07-109465,
07-118661, 07-118662, 07-126626, 07-126653, 07-126657,
08-127779, 08-209130, 08-259956 and 09-118883).

For example, Japanese Unexamined Patent Publication
(Koka1) No. 08-209150 discloses a method for manufacturing
blast furnace coke by carbonizing a blended coal comprising,
strongly-coking coal of 40 to 90 wt % and the balance com-
prising non- or slightly-coking coal 1n which the non- or
slightly-coking coal 1s classified to fine coal not more than 0.3
mm 1n size and coarse coal over 0.3 mm 1n size after preheat-
ing to between 250 and 350° C., the fine coal 1s rapidly heated
to a temperature range between the temperature at which the
non- or slightly-coking coals begins to soften and the maxi-
mum fluidity temperature thereof at a rate of 1x10° to 1x10°°
C./min., the heated fine coal 1s then hot-briquetted under a
pressure of 5 to 1000 kg/cm” while being held in said tem-
perature range, and the hot-briquetted fine coal 1s charged into
a coke oven together with the strongly-coking coal and coarse

non- or slightly-coking coal preheated to between 250 and
350° C.

This method, proposed by the applicant and with attention
focused on the thermal properties of non- or slightly-coking
coals, essentially comprises the steps of size classification
alter preheating, rapid-heating of the classified fine-size coal,
hot-briquetting after rapid-heating, and blending and carbon-
1zing with strongly-coking coal and the classified coarse-size
coal, atfords greater than ever improvement 1n the strength of
coke prepared from low-quality coal, expands the range of
metallurgical coal choice and provides greater productivity
enhancement.

The applicant also proposed in Japanese Unexamined
Patent Publication (Kokai) No. 09-118883 a method for
manufacturing blast furnace coke comprising the steps of
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2

preheating charged coal to between 250 and 350° C., classi-
tying the preheated coal to coarse and fine coals by a cyclone,
adjusting the caking power index of the classified fine coal to
under 80% by adding non- or slightly-coking coals, rapid-
heating mixed coal to between 350 and 480° C. ata rate o1 100
to 1000° C./sec., agglomerating the heated coal, blending the
agglomerated coal with the classified coarse coal, and car-
bonizing the blended coal 1n the coke oven.

The conventionally proposed or disclosed methods to
reform metallurgical coals by rapid-heating are fundamen-
tally based on classiiying coals into non- or slightly-coking
coals and strongly-coking coals, classifying the non- or
slightly-coking coals mto fine and coarse coals, and rapid-
heating each of the coals thus classified individually.
Although, accordingly, this effectively improves the proper-
ties (caking properties) of coals, the operational efficiency 1s
not very high because the methods involve many steps before
charging into the coke oven.

With a view to affording greater use of non- or slightly-

coking coals and expanding the range of metallurgical coal
choices, the applicant also proposed 1n Japanese Unexamined
Patent Publication (Kokai) No. 08-259956 a method for
manufacturing blast furnace coke comprising the steps of
rapid-heating a mixture of non- or slightly-coking coals o1 10
to 30 wt % and the balance caking coal at a rate of 1x10° to
1x10°° C./min., to a temperature range —100° C. to +10° C. of
the temperature at which the mixed coal begins to soften and
carbonizing the rapid-heated coal 1n the coke oven.
Though affording improvement in operational efficiency,
rapid-heating of a mixture of strongly-coking coals and non-
or slightly-coking coals implemented 1n this method requires
turther improvement in the stability of coke strength through
the improvement of caking properties.

While many excellent proposals have been made 1n rela-
tion to rapid-heating to improve the caking properties of
coals, more technologies to permit volume production of
metallurgical coke to further enhance the operational effi-
ciency and productivity of blast furnaces while increasing the
use of non- or slightly-coking coals and, at the same time,
securing the conventional or greater coke strength must be
developed.

SUMMARY OF THE INVENTION

As described above, technologies to permit volume pro-
duction of metallurgical coke to further enhance the opera-
tional efficiency and productivity of blast furnaces while
increasing the use of non- or slightly-coking coals and, at the

same time, securing the conventional or greater coke strength
must be developed.

The object of this mvention 1s to provide a method for
pretreating and improving coal quality that provides greater
coke strength and greater operational efficiency to meet the
above requirements.

Based on an assumption that treatment of non- or slightly-
coking coals affects coke strength, the conventional coal
qualities improving methods classily coals according to the
degree of caking properties and rapidly heat each of the
classified coals as required by their properties.

In contrast, the inventor arrived at the following findings by
taking into account the need to use more non- or slightly-
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coking coals than caking coals 1n the manufacture of blast
furnace coke having the required strength:
The obtained findings were: (1) improvement of coke

strength depends on the improvement of caking properties of

non- or slightly-coking coals used in large quantities; (11)
improvement of the caking properties of caking coals that 1s
used 1n small quantities and does not necessarily require
improvement of caking properties does not present a major
contribution to the enhancement of coke strength; and, as a
consequence, (111) there 1s no need to classity non- or slightly-
coking coals from caking coals belfore rapid-heating to
enhance caking properties.

Unlike the conventional concepts, the above 1dea 1s based
on the elimination of classification of non- or slightly-coking
coals from strongly-coking coals.

Based on the above idea, the inventor investigated the
strength of cokes by rapid-heating various metallurgical coals
comprising various percentages of caking coals and non- or
slightly-coking coals, classifying and forming fine-size coals
alfter heating, blending the formed coals with coarse-size
coals and carbonizing the blended coals.

This study led to the following findings: (1v) 1t 1s not essen-
tially necessary to classity non- or slightly-coking coals from
caking coals in preparation for the rapid-heating intended for
the enhancement of caking properties, and (v) required coke
strength can be obtained more stably by heating mixed met-
allurgical coals comprising caking coals and non- or slightly-
coking coals.

The gist of the present invention based on the above find-
ings 1s as follows:

(1) A method for pretreating and improving coking coal qual-
ity, by heating, for producing blast furnace coke compris-
ing the steps of:

(a) rapid-heating said coking coal 1n a fluidized-bed to a
temperature range between not lower than 300° C. and not
higher than the temperature at which the coking coal begins to
soften, at a rate of 30 to 10°° C./min.,

(b) classilying the rapid-heated coking coal to fine-size
coal and coarse-size coal, and

(¢) forming said fine-size coal.

(2) A method for pretreating and improving coking coal qual-
ity, by heating, for producing blast furnace coke compris-
ing the steps of:

(a) rapid-heating said coking coal in the flmdized-bed to a

temperature range between not lower than 250° C. and not
higher than 300° C., at a rate of 30 to 10°° C./min.,

(b) classitying the rapid-heated coking coal to fine-size
coal and coarse-size coal,

(c) rapid-heating said fine-size coal and coarse-size coal
individually 1n a pneumatic preheater to a temperature range
between not lower than 300° C. and not higher than the

temperature at which the coking coal begins to soften, at arate
of 10° to 10°° C./min., and

(d) forming said fine-size coal.

(3) The method for pretreating and 1improving coking coal
quality, by heating, for producing blast furnace coke
according to (1) or (2), wherein said coking coal 1s a
blended coal of caking coal and non- or slightly-coking
coal.

(4) The method for pretreating and improving coking coal
quality, by heating, for producing blast furnace coke
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according to (3), wherein said blended coal contains non-
or slightly-coking coal at 10 to 70%.

(5) The method for pretreating and improving coking coal
quality, by heating, for producing blast furnace coke
according to any of (1) to (4), wherein exhaust gas from a
fluidized-bed and/or a pneumatic preheater 1s heated and
supplied from the bottom of said fluidized-bed.

(6) The method for pretreating and 1mproving coking coal
quality, by heating, for producing blast furnace coke
according to any of (1) to (5), wherein said coking coal 1s
rapidly heated 1n said fluidized-bed at a rate less than 30 to
90° C./min.

(7) The method for pretreating and improving coking coal
quality, by heating, for producing blast furnace coke
according to any of (1) to (6), wherein said fine-size coal 1s
not larger than 0.5 mm 1n size and said coarse-size coal 1s
over 0.5 mm 1n size.

(8) The method for pretreating and 1mproving coking coal
quality, by heating, for producing blast furnace coke
according to any of (2) to (7), wherein exhaust gas from the
coke oven 1s heated and supplied from the bottom of said
pneumatic preheater.

(9) The method for pretreating and improving coking coal
quality, by heating, for producing blast furnace coke
according to any of (2) to (8), wherein said fine-size coal 1s
rapidly heated in said pneumatic preheater at a rate of 10°
to 10°° C./min.

(10) The method for pretreating and improving coking coal
quality, by heating, for producing blast furnace coke
according to any of (2) to (9), wherein said coarse-size coal
is rapidly heated in said pneumatic preheater at a rate of 10°
to 10°° C./min.

(11) The method for pretreating and improving coking coal
quality, by heating, for producing blast furnace coke
according to any of (1) to (10), wherein said fine-size coal
1s formed into agglomerates not larger than 0.5 mm 1n s1ze.
This invention permits volume production of high-strength

coke for blast furnace use by using large quantities of non- or
slightly-coking coals as 1t can significantly enhance the cak-
ing properties ol coking coals without classifying non- or
slightly-coking coals from caking coals.

Accordingly, this invention 1s highly conducive to cutting
the cost of 1ron and steel production by increasing the opera-
tional efficiency and productivity of blast furnaces.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a preferred embodiment of this invention.

FIG. 2 shows another preferred embodiment of this inven-
tion.

FIG. 3 schematically shows the structure of a fluidized-
bed.

FIG. 4 shows the relationship between coke strength and
patterns (A, B and C) of rapid-heating.

FIG. 5 shows the relationship between coke strength and
patterns (a, b, ¢, d and ¢) of rapid-heating.

FIG. 6 shows the relationship between coke strength and
patterns (1, g, h, 1 and j) of rapid-heating.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

This invention 1s described by reference to the accompa-
nying drawings. FI1G. 1 shows a preferred embodiment of this
invention. In this invention, multiple grades Al to An of coals
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are, as they are (without being classified by grade, property
[caking property] and size) stored 1n a blending-storage bin 1
for use as a coal charge A.

This 1s the first feature (starting 1dea) of this invention that
1s different from the conventional coal charge preparation
methods.

The coal charge A containing caking and non- or slightly-
coking coals 1s supplied to a flmdized-bed 2 where 1t 15 flu-
1di1zed and rapidly heated, by a high-temperature gas G1, to a
temperature range (temperature range reached by heating)
between not lower than 300° C. and not higher than the
temperature at which the coal charge A begins to soften, at a
rate of 30 to 10°° C./min.

The mventor empirically confirmed and disclosed (as in
Japanese Unexamined Patent Publication (Kokai) No.
08-209130) that rapid-heating of non- or slightly-coking
coals of certain grades to a temperature range (temperature
range reached by heating) between not lower than 300° C. and
not higher than the temperature (400 to 450° C.) at which said
coals begins to soften (at a rate of 10° to 10°° C./min.)
increases caking properties and, as a result, coke strength.
The i1nventor empirically confirmed that rapid-heating of
blended coals of non- or slightly-coking coals with caking
coals to said temperature range reached by heating also
increases their caking properties and, as a result, coke
strength D'°%1>_ FIG. 4 shows the empirical results obtained.

Coke strength D'>”'° is an index that shows the proportion
of a coke sample remaining on the 15 mm screen after impacts
of 150 rotations have been applied 1n a drum tester according

to JIS (Japanese Industrial Standard) K2151.

Three coke strengths (A, B and C) shown 1n FIG. 4 were
obtained by applying three patterns of rapid-heating (A, B
and C) to blended coals containing non- or slightly-coking
coals of 10 to 70 mass % (whose softening begins at 400° C.)
under the conditions shown 1n Table 1.

As can be seen 1n FIG. 4, the coke strengths obtained by
rapid-heating patterns B and C (the softening starting tem-
perature of non- or slightly-coking coals [the upper limit of
the temperature range reached by heating]:400° C.>ultimate
temperature:340° C.>300° C. [the lower limit of the tempera-
ture range reached by heating]) are much higher than the coke
strength obtained by rapid-heating pattern A (ultimate tem-
perature 275° C.<300° C. [the lower limit of the temperature
applied by this mnvention]) that was applied for the purpose of
comparison.

TABLE 1

Fluidizing conditions
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because excess presence of non- or slightly-coking coals,
though 1t enhances caking properties, ihibits the manufac-
ture of coke having necessary strength for blast furnace use.

il

While there 1s no particular need to set the lower limait for
the blending ratio, 1t 1s preferable, in view of the object of this

invention, to blend non- or slightly-coking coals at not less
than 10 mass %.

The fluidizing and heating conditions in the fluidized-bed
are described below.

As the effect of rapid-heating to improve the caking prop-
erties of coal charges appears when they are heated to 300° C.

or above, the lower limit of the heating temperature range 1s
set at 300° C.

If heated to above the temperature at which softening
begins, coals generally decompose, generate gases and lose
caking properties. Therefore, the upper limit of the heating
temperature range 1s set at the point at which softening of the
coal charge begins.

Because the coal charge A 1s a blend of different coals, 1t 1s
impossible to determine the softening starting temperature
thereol. Because, however, rapid-heating aims at enhancing
the caking properties of non- or slightly-coking coals, 1t 1s
appropriate to adopt the softening starting temperature (ap-
proximately 400 to 450° C.) of the non- or slightly-coking
coals contained 1n the coal charge A as the softening starting
temperature of the coal charge A. Or, otherwise, the softening
starting temperature of the coal charge A may be set by
considering the blending proportions of the individual coals
based on said softening starting temperature (approximately

400 to 450° C.).

It 1s also possible to adopt the lowest among the softening,
starting temperatures of the individual non- or slightly-cok-
ing coals as the softening starting temperature of the coal
charge A.

It 1s preferable that the high-temperature gas G1 used for
fluidizing and rapid-heating the coal charge A in the tluid-
1zed-bed 2 1s a neutral or non-oxidizing gas at 200 to 500° C.

FIG. 1 shows how the high-temperature gas G1 1s produced
by heating the exhaust gas G from the coke oven (carbonmizing
furnace) with the combustion heat of fuel F in the high-
temperature gas producing furance 6. The high-temperature
gas may also be obtained from a separated supply source or
generated separately.

Heating conditions

Layer Gas Residence Temperature
Rapid- thickness temperature Flow rate time rise rate
heating (mm) (°C.) (Nm>/h) (s) (° C./min.)
A 100 293 27400 151 109
B 100 369 24000 151 141
C 300 381 26500 454 47

The coal charges used 1n this invention are blends of non-

Ultimate
temperature

or slightly-coking coals with strongly-coking coals. Although -

there 1s no particular need to limit the blending ratio, the upper

limit of non- or slightly-coking coals 1s set at 70 mass %

(*C.)

275
340
340

The heating rate must be not slower than 30° C./min.
because, 11 1t 1s under 30° C./min., the coal charge cannot be
rapidly heated to 300° C. or above but remains only 1n a

preheated state, as a result of which the caking property
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improving effect 1s unobtainable. To insure the attainment of
said effect, 1t 1s preferable to set the heating rate at 40° C./muin.
or above.

If the heating rate exceeds 10°° C./min., the residence time
of the coal charge 1n the fluidized-bed must be shortened so

much that time-setting becomes difficult. Therelfore, there is a
possibility that the coal charge 1s heated to beyond the tem-
perature at which softening begins.

The coal charge mustnot be heated to beyond the softening
starting temperature because the resulting coal decomposi-
tion and gas generation cause caking property deterioration.
Therefore, the heating rate must not be faster than 10°°
C./min.

To msure rapid-heating of the coal charge to a temperature
not higher than the softening starting temperature, it 1s pret-
erable, when considering the residence time, to set the heating

rate to not faster than 150° C./min. Less than 90° C./min. 1s
still more preferable.

The coarse-size coal B2 1n the coal charge A fluidized and
rapidly heated under said conditions 1s discharged from the
fluidized-bed 2 and stored 1n a blending-storage bin 5.

The fine-si1ze coal B1 1n the coal charge A 1s carried by the
stream ol high-temperature gas to a classifier 3 (such as a
cyclone) where 1t 1s recovered as such.

Depending on grades and moisture contents, different
coals have different crushabilities and particle size distribu-
tions. Therefore, it 1s unnecessary to specily any particular
critical particle size at which the fine-size coals and coarse-
s1ze coals are distinguished.

The critical particle size may be set as required depending
on the properties of the individual coals making up the coal
charge, the properties of caking and non- or slightly-coking
coals, and the desired coke strength.

Usually, the critical particle size 1s 0.5 mm. Coals 0.5 mm
or smaller are treated as fine-size coals and those over 0.5 mm
as coarse-size coals. It 1s preferable that the same classifica-
tion standard 1s used for this invention.

In an agglomerator 4, the recovered fine-size coal B1 1s
formed to the spherical or pillow-shaped coal agglomerate
B1', preferably over 0.5 mm 1n size. The coal agglomerate B
1s conveyed to the blending-storage bin 5 where they are
stored together with the coarse-size coal B2.

Though not particularly specified, the upper particle size
limit of the coal agglomerate should, preferably, not exceed
the maximum particle size (approximately 6 mm) of the
coarse-size coal 1n order to ensure umiform blending with the
coarse-size coal.

The agglomerator 4 may be of any type. For example, the
roll press type or roll compactor type i1s preferable as the
agglomerator or pelletizer to form the coarse-size coal into

the spherical or pillow-shaped agglomerate.

In the agglomerator 4, appropriate quantities of caking coal
and/or strongly-coking coal of fine size (preferably 0.5 mm or
under) and other coke materials may be blended with the
fine-s1ze coal B1.

A portion of the coarse-size coal B2 conveyed by the high-

temperature gas 1s recovered by the classifier 3 and stored in
the blending bin 5.
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The blend of the coarse-size coal B2 and coal agglomerate
B1' stored 1n the blending bin 5 are charged 1nto a coke oven
8 and then discharged therefrom as coke C after being car-
bonized.

FIG. 3 shows an example of a horizontally long fluidized-
bed comprising fluid-bed chambers 2a to 24. While the fluid-
bed chambers 2a and 26 serve as drying and preheating cham-
bers (into which a drying and preheating gas G4 1s blown), the
fluid-bed chambers 2¢ and 2d serve as rapid-heating cham-
bers (into which a high-temperature gas G1 1s blown). The
coal charge A charged through the charging port 2e 1s dried,
fluidized and rapidly heated. While the coarse-size coal B2 1s
discharged through the discharging port 2/, the fine-size coal
B1 is discharged through the gas discharging port 2g together
with the high-temperature gas.

The horizontally long fluidized-bed described above,
which performs fluidizing and rapid-heating after drying and
preheating, 1s preferable for the achievement of the caking
properties enhancing effect. However, the fluidized-bed used
in the methods of this invention 1s by no means limited to the
horizontally long one shown 1n FIG. 3.

The fluidized-bed used 1n the methods of this invention 1s
not limited to any particular type so long as the coal stock 1s
fluidized and rapidly heated. For example, a vertically long
fluidized-bed can also be used.

FIG. 2 shows another preferred embodiment of this inven-
tion. Though differing in that a pneumatic preheater 7 1s
connected to each of the fluidized-bed 2 and classifier 3, the
preferred embodiment shown 1n FIG. 2 1s analogous to the
one shown 1n FIG. 1 as 1t aims at the same object.

The fluidized-bed 2, like the one 1n the preferred embodi-
ment shown 1n FIG. 1, rapidly heats the coal charge A, by the
high-temperature gas (G1, to the temperature range not lower
than 250° C. and not higher than 350° C. at a rate of 30 to 10°°

C./min.

While the lower limit of the heating temperature 1n the
fluidized-bed 2 1s set at not lower than 250° C. 1n order to
achieve the caking property enhancing effect of rapid-heating
as much as possible, the upper limait 1s set at not higher than
350° C. to inhibait the progress of the thermal cracking of coal,
and lowering of caking properties during the travel from the
flmdized-bed 2 to the pneumatic preheater 7.

The fine-s1ze coal B1 recovered in the classifier 3 1s rapidly
heated again, by the high-temperature gas G2 blown in
through the bottom, to the temperature range between not
lower than 300° C. and not higher than the temperature at

which softening of the coal charge begins, at a rate of 10° to
10°° C./min.

The fine-size coal B1 discharged through the top of the
pneumatic preheater 7 together with the high-temperature gas
(G2 1s recovered by a classifier 3 (such as a cyclone) and
formed by an agglomerator 4 to the spherical or pillow-
shaped coal agglomerate B1', preferably over 0.3 mm 1n size.

i

T'he coal agglomerate B1' is conveyed to a blending bin 5
and stored together with the coarse-size coal B2.

-

T'he coarse-size coal B2 discharged from the flmdized-bed
2 1s charged 1nto the pneumatic preheater 7 through the lower
side thereol and rapidly heated again, by the high-tempera-
ture gas G3 blown 1n through the bottom, to a temperature
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range between not lower than 300° C. and not higher than the

temperature at which softening of the coal charge begins, at a
rate of 10° to 10°° C./min.

The coarse-size coal B2 discharged through the top of the
pneumatic preheater 7 together with the high-temperature gas
(G3 1s recovered by a classifier 3 (such as a cyclone), conveyed
to a blending bin 5 and stored with the coal agglomerate B1'.

The coarse-size coal B2 and coal agglomerate B1' stored in
the blending bin 5 are charged into a coke oven 8 as a material

for producing coke, carbonized and discharged therefrom as
coke C.

The fine- and coarse-size coals rapidly heated 1n the fluid-
1zed-bed are rapidly heated again, by the high-temperature
gas (33 blown 1n through the bottom, to the temperature range
between not lower than 300° C. and not higher than the
temperature at which softening of the coal charge begins, at a
rate of 10° to 10°° C./min., because the caking properties of
the coal charge comprising the caking coals and non- or
slightly-coking coals are maximized by the combination of
the effects to enhance caking properties by the rapid-heating
in the fluidized-bed and the subsequent rapid-heating in the
pneumatic preheater.

The present invention 1s based on the synergistic eflect just
described which the mventor discovered through experiment.

The lower limit of the heating rate 1n the pneumatic pre-
heater is set at 10°° C./min. because the caking properties of
the fine- and coarse-size coals are not enhanced uniformly
below that rate, as a result of which 1t becomes difficult to
stably maintain the desired coke strength.

Though a heating rate of not less than 10°° C./min. will thus
suffice, the upper limit thereof is set at 10°° C./min. that is
approximately the heating rate obtainable from aerial rapid-
heating.

The rapid-heating rates between 10° and 10°° C./min. pro-
duce the desired caking properties enhancing effect on both
fine- and coarse-size coals. Because of difference 1in volume
and mass, however, the heating rate between 10° and 10°°

Rapid-
heating
conditions
Examples of a
the present b
invention
Examples C
for d

comparison ¢
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C./min. 1s preferable for the fine-size coal and that between
10° and 10*° C./min. for the coarse-size coal.

The fine- and coarse-size coals are classified as described
carlier. The high-temperature gases G2 and G3 blown 1n
through the bottom of the pneumatic preheater are, like the
high-temperature gas G1, preferably a neutral or non-oxidiz-
ing gas at 200 to 500° C.

Concretely, the gases G2 and G3 may be produced 1n a
high-temperature gas generating furnace 6 by heating the
exhaust gas G from the coke oven 8 with the combustion heat
of the fuel F. Of course, the high-temperature gases G2 and
(3 may be obtained from another supply source or produced
alresh.

EXAMPLES

Examples of this invention will be described. The
examples were implemented under conditions to confirm the
practicability and effect of the present invention. Therelore,
the present invention 1s by no means limited to the conditions
employed for the implementation of the examples. The
present invention can be embodied under various other con-
ditions without departing from its spirit and scope.

Example 1

A coal charge comprising non- or slightly-coking coal of
50 mass % and caking coal of 50 mass % was rapidly heated
in a fluidized-bed under the conditions given in Table 2 and
converted to coke 1n the process shown 1n FIG. 1, and the coke
strength DI">Y ' was measured. The temperature at which the
non- or slightly-coking coal started to soiten was 400° C.

The results are shown in Table 3 and FIG. 3. It was found
that rapid-heating of coal according to this invention (under
the conditions a and b) increases coke strength and leads to
the manufacture of high-strength coke.

Table 3 also shows the strengths of cokes prepared by
applying rapid-heating under the conditions (c, d and e) out-
side the scope of this invention for the purpose of comparison.

TABL

(Ll
N

Coal heating

Operating conditions of fluidized-bed conditions in

Heating fluidized-bed
Coal layer Heating gas  gas flow Temperature  Ultimate
thickness temperature rate Residence rise rate temperature
(mm) (° C.) (Nm>/h) time (s) (° C./min.) (° C.)
100 369 24000 151 132 340
300 381 26500 454 44 340
100 293 27400 151 106 275
450 293 277400 681 22 255
500 381 28000 756 26 331
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fluidized-bed under the conditions given 1n Table 4 and clas-

TABLE 3 sified into coarse- and fine-size coals. The coarse- and fine-
Rapid-heating Coke strength silze CO‘EllS vt.fere 1nd1v1duall‘y rapidly he:ated under the condi-
conditions DI, DIT50/15(-) . tions given in Table 5 by using pneumatic preheater. Then, the
. coals were converted to coke 1n the process shown in FIG. 2,
xamples of the a 84.8 J 50715

present invention b 85.0 and the coke strength DI was measured. The tempera-
Examples for ¢ 841 ture at which the non- or slightly-coking coal started to soften

COMmpAarison d 83.2

e R3 R was 400° C.

%" The results are shown in Table 6 and FIG. 6. It was found
Obviously, the coke strengths obtained by this invention that rapid-heating of coal according to this invention (under
are adequate for blast-furnace use. the conditions T and g) increases coke strength and leads to the

manufacture of high-strength coke.

Example 2
15 Table 6 also shows the strengths of cokes prepared by

A coal charge comprising non- or slightly-coking coal of applying rapid-heating under the conditions (h, 1 and 1) out-
50 mass % and caking coal of 50 mass % was heated 1n a side the scope ol this invention for the purpose of comparison.

TABL

(L]
=

Coal heating

Operating conditions of fluidized-bed conditions in
Heating fluidized-bed
Rapid-  Coal layer Heating gas  gas flow Temperature  Ultimate
heating  thickness temperature rate Residence rise rate temperature
conditions (mm) (° C.) (Nm>/h) time (s) (° C./min.) (° C.)
Examples of f 100 293 277400 151 106 275
the present g 100 337 26500 149 122 310
invention
Examples h 100 293 277400 151 106 275
for 1 450 293 27400 681 22 255
COMpAarison ] — — — — — —
TABLE 5
Rapid- Heating gas  Heating gas Temperature  Ultimate
heating  temperature flow rate  Residence rise rate temperature
conditions (°C.) (Nm?/h) time (s) (° C./min.) (° C.)
Rapid-heating conditions of coarse-size coal in pneumatic preheater

Examples of f 440 15000 2.18 2669 363

the present g 400 16000 2.07 1453 359

invention

Examples for h 290 18000 2.05 336 286

comparison 1 270 18500 2.07 163 260

J - - - - -

Rapid-heating conditions of fine-size coal in pneumatic preheater

f 400 11000 0.74 9010 366
g 400 11000 0.73 6619 371
h 400 11000 0.74 9010 366
1 400 11000 0.74 RO/ 361

J - - - - -



US 7,645,362 B2

13

TABL.

L1l

6

Rapid-heating
conditions

Coke strength
DIPY12- DI150/15(-)

Examples of the f 85.2
present invention g 85.1
Examples for h 83.5
COMmpAarison 1 83.0

] 82.2

Obviously, the coke strengths obtained by this invention
are adequate for blast-furnace use.

It can be presumed that approximately 350% of the
increased coke strength, increased by this invention, 1s due to
the rapid-heating 1n the fluidized-bed.

The mvention claimed 1s:

1. A method for pretreating and improving metallurgical
coal quality, wherein the metallurgical coal 1s a blended coal
ol non- or slightly-coking coals and strongly-coking coals, by
heating, for producing blast furance coke comprising the
steps of:

(a) rapid-heating said metallurgical coal 1n a flmdized-bed
to a temperature range between not lower than 250° C.

and not higher than 300° C., at a rate of 30 to 150°
C./min.,

(b) classitying the rapid-heated metallurgical coal to fine-
size coal and coarse-size coal,

(c¢) rapid-heating said fine-size and coarse-size coal 1ndi-

vidually 1n a pneumatic preheater to a temperature range
between not lower than 300° C. and not higher than the
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temperature at which the metallurgical coal begins to
soften, at a rate of 10° to 10°° C/min., and

(d) forming said fine-size coal.

2. The method for pretreating and improving metallurgical
coal quality, by heating, for producing blast furnace coke
according to claim 1, wherein said blended coal contains non-
or slightly-coking coal at 10 to 70%.

3. The method for pretreating and improving metallurgical
coal quality, by heating, for producing blast furnace coke
according to claim 1, wherein exhaust gas from a flmdized-
bed and/or a pneumatic preheater 1s heated and supplied from
the bottom of said fluidized-bed.

4. The method for pretreating and improving metallurgical
coal quality, by heating, for producing blast furnace coke
according to claim 1,

wherein said metallurgical coal 1s rapidly heated in said

fluidized-bed at a rate less than 30 to 90° C./min.

5. The method for pretreating and improving metallurgical
coal quality, by heating, for producing blast furnace coke
according to claim 1,

wherein said fine-size coal 1s not larger than 0.5 mm 1n size

and said coarse-size coal 1s over 0.5 mm 1n size.

6. The method for pretreating and improving metallurgical
coal quality, by heating, for producing blast furnace coke
according to claim 1,

wherein exhaust gas from the coke oven 1s heated and

supplied from the bottom of said pneumatic preheater.

7. The method for pretreating and improving metallurgical
coal quality, by heating, for producing blast furnace coke
according to claim 1, wherein said fine-size coal 1s formed
into agglomerates not smaller than 0.5 mm 1n size.

¥ o # ¥ ¥
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